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ABSTRACT 

The physical j^roperties of' aircraft control cables 
have "been investigated under conditions' of test which were 
designed to reproduce the effect of service conditions, parti- 
cularly those experienced by Naval aircraft-. 

The cable sizes investigated were l/S", 5/32", 3/16" 
5/16" .-and lA" diameters with ä 7^19 construction, and 3/32" 
diameter with a 7^7 construction.  The cable materials included 
1S-S Stainless Steel and Bright, Galvanized, Tinned and Lead- 
Alloy^Coated Carbon' Steel'. 'The galvanized cables were made, of 
wire with various weight s'"of hot galvanized and electro-galv- 
anized'' coating's-.  Standard commercial cable lubricants and 
special lubricant's 'containing lithium soan grease, mineral oils, 
paralltntone neutral base, rust preventive and extra pressure 
additives'were studied". :'The effect of "externally applied 
paralketone (AN-C-52) was also investigated. 

The fatigue and internal friction oroportie-s of cable 
as affected by corrosion in a salt atmosphere and by tempera- 
tures -ranging from 4l60°F to" -65°? were" studied. The fatigue 
properties of cables were investigated under normal laboratory 
conditions with sheaves 'and loads' similar to those used in .air- 
craft control systems* ••.••• 

The fatigue tests, in which climatic conditions were 
investigated, wore made with two fatigue machines on nhich the 
cables ^'erö loaded by dead weights equnl to 1$ of the specified 
cable strength and tested "ith hardened steel sheaves having 
diameters 9 ind 12 times the cable üinnwtor. The service load 
fatigue tests were made with a large testing machine on which 
the cable's were loaded oy  means of hydraulic jacks.  Cable loods 
up to Sofo  of the specified cable strength wore used in  the latter 
tests with AN-210 micarta and 2^-ST aluminum alloy sheaves hav- 
ing diameters from 12,1 to 28,7 times the cable diameter. 

The relative fatigue properties of aircraft cables 
were evaluated by an inspection of the cables for broken wires 
and by determining the remaining strength of the- cables after 
various numbers of reversals on the fatigue machine. 

The internal friction of the cables was determined, by 
the load necessary to start the cable in motion over hardened 
steel sheaves while \inder various tensions ranging from 25 to 200 
pounds. 
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The results of the fatigue 'tests vith 1$ loads 
shoved that under the severe corrosive conditions of a salt 
atmosphere an<3: at -65°F-,  -18-8 stainless  steel cables <vere 
th.e most effective.    Service load fatigue .'tests in.the absence 
of corrosion have shown that  18-8  stainless steel cables had 
a- considerably lower,-fatigue  life.'than'galvanized carbon steel 
cables.    Heavy galvanized cables were the-best of the carbon' 
steel cables for cörr-osion-fatigue but had the poorest fatigue 
life at -D5°F. '   The tin,   load-allö-yv and 'light  zinc coatings 
did not materially improve the corrosion-fatigue-life of "bright 
carbon steel cables. 

The tinned cables had the lowest internal friction  : 

in the absence of. corrosion.     Corrosion by salt  spray increased 
the internal friction ,Qf tinned cables and-decreased the 
internal friction of the heavy galvanized cables.     The cont- 
inuous flexing of -.the cables during fatigue test in the absence 
of corrosion lowered the internal friction of the galvanized 
cables but not  sufficiently to equal that of the tinned cables. 
The internal friction.of cables increased <*ith an increase in 
cable tension and a decrease in sheave diameter. 

The fatigue and internal friction of cables wore 
improved by the use of-lubricants*    The effectiveness of lubri- 
cants was dependent upon the temperature .and the -protection 
they afforded against corrosion.    The commercial cable lubri- 

. .cants were affected, considerably by temperature,  whereas some 
o.f the greases performed quite uniformly over the range of 
temperatures investigated.     Externally .applied par^lkqtone 

. (AIT-C-52) ,   -"-as very effective in providing protection against 
corrosion but became-brittle at -6^°T and flaked off the cable 
where it bent over a sheave.. ' 

The service load  tests  ••dth micarta and  PH-ST sheaves 
indicated £hat;for a.given cable tension the fatigue life was 
satisfactory providing the ratio between the sheave diamntnr 
and cable diameter was above a critical amount.     Tho critical 

, sheave ratio increased with the cable tension.    For a \4> load 
the critical sheave ratio for "JyJ^ galvanised cables •as approxi- 
mately 10,  and for 10$ and 20$ loads -as approximately 50 and 28 
respectively.    The relationship between the visible wire breaks 
and the average loss in strength "as investigated.  The relation- 
ship between the loss in strength and the number of reversals in 
fatigue under various load conditions' v,as also investigated for 
7x19 galvanized cables. 
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The fatigue life of 7x7 construction cables with 
Vfo loads was less than that of 7*19 construction vith the 
sane load and sheave ratio. 

Tho AN-210 micarta pulleys operated satisfactorily 
under relatively low service loads but under higher loads 
failed by wear,   splitting or bearing failures.     The 2i-i-ST 
sheaves  equipped vith large ball bearings operated satis- 
factorily under loads up to 60^ of the specified cable strength. 
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FINAL R5P0RT 

. N.D.R.C.. -Research Project NRO-15.,   Contract No.  03Msr-U92 

THE- CORROSION-FAT^Oro-FAILuRE-OF AI RCRAFT .CONTROL CABLES  (W-lOl) 

• (from May- 1,   I9U2 to December 31,   I9UU) 

From:     John A.  Roebling' s Sons Company 
Development Engineering laboratory 

Report prepared by:     H.  J.  Godfrey 

INTRODUCTION 

-    This  investigation on the physical characteristics of 

sÄrcraft cables was undertaken "by the John A.  Roebling's Sons 

Company for the  Office of- Scientific Research and Development, 

a,t the request of the Navy. .Department.    Naval experience with 

18~3 stainless steel control cables- had noi'been satisfactory 

due to  large variations in service'life.    Also,  as a result of 

the scarcity of  1S-S stainless  steel,   carbon steel cables had 

been substituted.    The problem of maintaining the carbon steel 

eables under severe corrosive conditions was therefore consider- 

ed to be acute..     It was the purpose 'of this inver-tigation to 

st\xdy the corrosion-fatigue life of cables and to develop a 

carbon steel cable which would be the equivalent  of a stainless 

steel cable,  particularly in a salt atmosnhorc.     The program 

included internal friction tests an? fatigue tests as -iffected 

by temperatures ranging from T},I60
0
F to -^65'F, 
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The performance of control cables with loa,ds and 

sheaves similar to those used in actual service conditions 

was also investigated for the "purpose of obtaining data which 

would he of use in the design of aircraft control systems. 

The complete detail's of the investigation have been 

reported in the following Progress Reports, which are to be 

considered as the Appendix to the Final Report l„,  ;' - 

Progress P-oport Ho. 1 - O.S.R.D. Ho. II37, Serial No, M-31, 
"The Effect of Lubrication on the Fatigue 
Poöpertiqs'of"Aircraft Control Cables" 

11     "   No. 2 - O.S.H.D. Ho. 1525, Serial No, K-S3, 
'       " "The Effect of Metallic. Coatings and 

lubricants on the Fatigue Properties of 
Aircraft Cables"      ••     ;'-.•• 

""     "   No."3 - O.S.'R,D.- Ho.' l6l0, Serial Ho?.M-93,.- 
"The Effect of Sheave Diamotrr on the 
Fatigue-Life'öf Aircraft Cables" 

"     "   Ho, U - O.SfS.D. "No. 33^6, Serial •]?<*..- }SHSOJT 

"The Effect of Metallic Coatings and 
Lubricants on the Fatigue &  Internal"' 
Friction Properties of Aircraft Cable's" 

"     »   Ho, 5 - O.S.R.D. Ho. I15U3, Serial Ho. ^39, 
"Aircraft Control Cables -"'Fatigue Tests 
TTnder Sorvice Loads" 

"     "   Ho. 6 - OtS.R.D. Ho. 4602 Serial Ho. M-452, 
"Miscellaneous Tests on "Aircraft Cables" 

•" .     ' 

The above reports should be referred to if specific 

details relating to this investigation are required. The final 

report is a summary of the work included in the progress reports 

and may bo read without reference to the progress reports. 
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The investigation was carried out under the direction 

of an Advisory Committee, the present members of tvhich are as 

follows: 

Dr. L. L. ".v'yman, Chairman 
Lt. Comdr. Y/-. P. Goepfert-, Bureau-of "Aeronautics Navy Dept. •• 
Major F. B. Fuller, Army Air Corps, Wright Field, Dayton, Ohio 
Mr. J. B. Johnson, Materials Laboratory, Wright Field, .Daytonj  Ohio 
Mr. R. R, Moore, Naval Aircraft Factory, Philadelphia, Pennsylvania 
Mr. J. L. Llanson, American Steel & Wire'< Company1,'New- Haven, Conn. 
Mr. E. .S. Wellhofer, American Chain & Cable Company, Wilkesbarre, Pa. 

Acknowledgement is made to Dr. J. C. Zimmer and Mr. C. W. 

3ohmer, Jr., and their associates at the Standard Oil Development 

Company Laboratories, for their assistance in developing a special 

lubricant for aircraft cables. 

Acknowledgement is also made to Mr. C. M. Jones, Manager 

of Engineering, and to Mr. A. J. Morgan, Chief Engineer, Yfire Rope 

Division, John A. Roebling's Sons Company, for their continued 

assistance and advice. 

• ' •" EXPERIMENTAL WORK'  •'•     -• 

1. PROCEDURE   " "-'•'••    ' • • 

• " '(a) Test -Methods 

Three testing machines"were constructed for the cable 

fatigue tests. Two of these machines were designed to test in ' 

accordance with Specification AM-RR-C-43 and AN-RR-C-48, and the 

third machine was''designed to permit the testing of cables under 

service loads. 

A diagrammatic view of a low capacity fatigue machine 
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is presented in.Figüre' 1, and a photograph of a machine is 

shown in Figure 2. This type of machine was used to investi- 

gate cable materials and lubricants under various climatic 

conditions. 

The corrosion-fatigue tests were made by first sub- 

jecting the cables to a 20$ salt spray at 95 3P for a definite 

period of time. They were then removed from the salt spray 

and while still wet, placed on a fatigue machine in a room 

where the humidity was maintained between 80 and 90$ and the 

temperature approximately 75°^\ Under these conditions the 

cables remained moist during the fatigue test.  The low temper- 

ature fatigue test's were made in a cold room in which tho 

temperature could he controlled between 70°F and -6H°'sP.    A 

photograph of the cold room with tho fatigue machine is present- 

ed in Figure 3* The cable loads for the tests on the low 

capacity machines were 1$ of the specified strength of the 

cable, as required by Specifications A'rt-HH-C-Uj and AJI-HRr-G^ig, 

and the cables were operated over hardened .steel sheaves having 

a diameter 9 or 12 times the cable diameter. 

A view of the large fatigue testing machine for the 

service load tests is shown in Figure U and a diagrammatic 

view of the hydraulic loading system is shown in Figure 5« The 

pressure on the hydraulic jacks was controlled, by four Beggs 

Load Maintainers and the largest loading jack had a capacity of 

8000 pounds. The large machine was also equipped with auxiliary 
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apparatus "by which the wrap angle could "be adjusted between 

0 'and 90°• Except for the -Trap angle tests, all of the 

fatigue tests on the low capacity and service load machines 

were made with a wrap angle of go0*.. 'AK-210 micairta and 2H-ST 

aluminum alloy sheaves having diameters ranging from 12.1 to 

2S.7 times the cable diameter were used for the service load 

tests.. 

All of the., fa.t.igue .machines were ..equipped .to tost 

g cables simultaneously. Each cable operated over.two test 

sheaves and duplipate tests were.usually made for.e.acb condition 

of test. The fatigue life of the cables "as. eva.luat.ed by. inspect- 

ing the cables for broken ^ires, and by determining the-remaining 

strength of the cables -after various numbers of reversals on 

the fatigue machine. ... . 

The, internal friction tests were conducted with hard- 

ened steel sheaves on a.test frame as shown in Figure 6. The 

internal friction was determined with cable .loads ranging from 

?5 to 2QQ pounds .and the amount, of load necessary to start, a 

cable„in motion was used as a measure of the-relative internal 

friction of the cables. 
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(b) Materials 

The cables used in this investigation included the 

following general types: 

7x19 Preformed Galvanized Carbon Steel 
7x19-   "..•  Tinned Carbon Steel 
7x19    "    Lead Alloy Coated Carbon Steel 
7x19.  ..-1.1   Bright Carbon Steel 
7x19 '   "    18-S Stainless Steel 
7x7   • "   Galvanized Carbon Steel • 

A number of sizes of cables were tested and included 

3/32", l/S"". 5/32", 3/l6", l/U" and 5/16I diameters.- The gal- 

vanized cables included wire hot .galvanized prior to.final wire 

drawing, hot galvanized at final size and eleotrc-galvanized 

prior to final wire drawing. The -cables were furnished for the 

investigation by the following manufacturers; - 

, American Chain & Cable Company. . 

American Steel & Tire.Company 

John A. Roebling's Sons Company 

The cables were lubricated with regular commercial cable 

lubricants and special lubricants containing lithium soap grease, 

mineral oil, paralketone neutral base, rust preventives and an 

E.P. additive. These lubricants were either placed in the cable 

during manufacture or after manufacture by a special pressure 

fitting. The effect öf externally applied paralketone (AN-C-52) 

was also investigated^ 
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A list; of tVxe cable lubricants referred to  in this 

•'report is as follows: .-..••• 

Lubricant A - Standard Commercial Cable Lubricnit 

.Lubricant B - Standard Commercial Cable,Lubricant 

. Lubricant C, -• Standard Commercial .Cable Lubricant 

Lubricant D - Special Low temperature Lubricant., 
manufactured by Standard Oil Company, 
trade name -"Beacon Lubricant M-285" 

Lubricant H - Special Lubricant  containing lithium 
'   soap grease with a base mineral oil 

having a viscosity of approximately 
500 seconds S'aybolt Universal at 1Q0°]T, 
and containing rust preventive and    . 
extreme pressure additives.    Manufactured 
by Standard Oil Company of Hew. Jersey, 
and designated as  "Lubricant No.   5^1^" 

Lubricant K-l - A mixture ..of 5 parts of- Lubricant H 
and h parts of 5^0 second base mineral 
oil containing.proper .proportion of 
rust"preventive"' and""extreme pressure 
additives.   ....... 

Lubricant L - V)^ 500-sccond mineral .oil,  plus 55^ 
paralketone neutral base 

Lubricant H TO.S developed by the Standard Oil Dcvelop-r- 

ment  Company for this investigation. 

For the service load tests,  Atf-210 micarta and 2U-ST 

aluminum alloy sheaves vero used.     The grooves  in the 2^-ST 

sheave?" conformed to AN—210 specifications but the sheaves '?ero 

fitted r?ith larger ball bearings.     A vieiv of the A1T-210 micarta 

and 2U-ST sheaves is presented in Figure 7. 
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2. DATA 

The data has been presented in detail in Progress 

Reports 1 to 6.' In this final report, data representing 

the important findings on the fatigue life and internal 

friction of cables has been summarized under the following 

headings: 

a - The Effect of Materials 

b - The Effect of Lubricants 

o; - The Effect of Load and Sheave Diameter 

This data is presented in Figures 8 through 39 and in Tables 

I and II. _ /     •'. 

3. DISCUSSION OF HSSULTS     "'\\   ' 

(a)  The 5ffegt"of Materials 

The corrosion-fatigue life of a number of types of 

carbon steel cables and an 18-2 stainless steel cable is pre- 

sented in Figure 8. The fatigue life without corrosion v?as 

practically the same for all cables and is represented by .the 

dotted curve on the graph. The best corrosion-fatigue life 

was obtained with tho 18-8 stainless steel cable and th.OiCable 

made with the wire hot galvanized and drawn had the, best life 

of any of the carbon steel cables. The weight of zinc coating 

on this cable was considerably more than that on any of the 

other galvanized cables and probably accounted for the higher 

corrosion-fatigue life. The bright cable had the poorest 
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fatigue- life and was not  improved to any great  extent by the 

use of tin,  or light weight  zinc coatings.     The lead alloy 

coating 'vas in one instance somewhat "better than the lighter 

zinc coatings. • 

From the above results it may be assumed that the 

stainless steel cable is the best for operation  in a salt 

atmosphere and would be more effective as.the corrosion became 

.more severe? • -,- 

The effect of the »eight  of  zinc coating on the 

corrosion-fatigue life is presented in Figure 9,  where- it  is 

shown that the corrosion-fatigue life is improved by the use of 

a heavy zinc coating*     ,   . •• 

-   Photographs of 18^-S .stainless'.steel,  >'3alvani.zed end 

tinned carbon steel cable after the corrosion-fatigue test are 

presented in Figures 10,   11 and 12,  and illustrate the relative 

effectiveness of the three types of cable under fatigue when 

corrosion by «..salt atmosphere is present. 

The fatigue properties at -b5°F of various types of 

aircraft cables are presented in Figure 13«    The 18-S stainless 

steel cable was considerably better than any of the carbon steel 

cables at  this low temperature and may be due to the-stainless 

steel maintaining its toughness at' sub-zerö tcmporaturßs.     The 

heavy galvanized cable had the poorest fatigue life,   which is 

probably the result of its high internal friction at -6$°F. 

...  . The- effect of the weight of zinc coating on the fatigue 
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lifo at -650? is presented in Figure.lU and shov/s that, the 

'atigue life decreases as the weight of galvanizing increases. 

The above' corrosion-fatigue,and low-temperature 

fatigue tests were made on steel sheaves with ro.ot diameters 

12 times the cable diameter and with cable loads equal to 1% 

of the specified cable strength. Fatigue tests on 18-8 stain- 

less steel and galvanized carbon steel cables "ith sheaves^and 

loads similar to those used in present day aircraft are present- 

ed in Figure 15« The. cable tension was equal to 10$ of the 

specified cable strength and AN-glO 5A micarta sheaves having 

a root diameter 17-1/2 times the cable.diameter were nseß.. 

Under this relatively high load the fatigue life of the.18-8 

stainless steel.cable was considerably less than that of the 

galvanized.carbon steel cable. ,.    .  . 

The low fatigue life of the stainless steel cable 

may be due to its low resistance to concentrated stresses which 

has been evidenced in tension tests. .The IS-T-8 cables always 

show a lower tensile strength when using drum grips as compared 

to sockets, and break at tho tangent point of the drum, where- 

.as carbon stoel cables do not show any difference in strength 

^hen tested by these two methods» 

As a result of the fatigue tests on the various types 

of cable, the choice of cable should be determined by the 

conditions of service. The results of the tests indicate,that 

if salt corrosion is.of importance, 18-8 stainless steel cable 
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should be'the best cable. However, under heavy loads without 

corrosion, a carbon steel cable should be more .effective. 

The internal friction of aircraft cables was found 

to. be affected by the type of• material.'• Since the stresses 

in cables increase with an increase.in the internal friction, 

this property has considerable'inflicence on the fatigue life 

of cables. The internal friction also has a large effect,on 

the sensitivity of the control„of aircraft in flight. 

•••• •  The results of internal friction tests at room temp- 

'erature and at -65°? are- presented in Figures ID and 17.; At 

both conditions of test- the .-tinned cable had the lowest: internal 

friction.' The internal friction of the galvanized cables in- 

creased as the weight of zinc coating increased and-the internal 

friction of all the cables was considerably higher at -65 ~- than 

'at'room temperature. The- increase in the internal friction at 

low temperature is due in'part- to the higher vi,sco.sity of the 

cable lubricants at this temperature. The internal, friction v%s 

also proportional to the cable tension. 

The internal friction of cables was found tö change as 

they became corroded or were fl'exaä. during the fatigue tests. 

The effect of corrosion and fatigue are presented in Figures IB 

and 19, and show that internal friction of the heavy galvanized 

cable was the highest as-manufactured and decreased as the 

period of corrosion-and number of reversals increased-. .The-internal 

friction of the tinned cables increased with corrosion and nfter 
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192 hours of salt spray, ^as equal to that of the heavy gal- 

vanized cable. The increase in the internal friction of the 

tinned cable.was probably due to the pitting of the wires. 

In the absence of corrosion the internal friction 

of the tinned cable during fatigue remained practically 

constant. 'The internal friction of the galvanized cable de- 

creased somewhat during the fatigue test but was always higher 

than that of the tinned cable.. 

Where internal friction is of primary importance, the 

choice of cable, will be influenced considerably by the expected 

service conditions. For normal exposure, a. tinned cable would 

be desirable if sufficient protection could be provided against 

corrosion.  In conditions of severe corrosion, the If?—8 stain- 
1 

less steel cable would probably have the lowest internal friction 

. properties. The heavy galvanized cabin would furnish protection 

against .corrosion but would probably have the highest internal 

friction. 

(b) The Effect of Lubricants 

The results of fatigue and internal friction tests dis- 

cussed above were obtained v?ith cables lubricated with regular 

commercial cable lubricants.  Since regular lubricants are 

affected to a large extent by temperature, several special 

lubricants were investigated for the purpose of securing one 

which would operate satisfactorily under all conditions. 
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The general effect of temperature "between -65 -F 

and 4-120°F on the fatigue life of aircraft cables is presented 

in Figure- 20. These results shew that regular commercial;cable 

lubricants are best at room temperature but decrease in effect- 

iveness "ith higher or lower temperatures. The special low 

temporature lubricant -"D",. however, maintained its lubricating 

value over the complete-range, of temperatures investigated. The 

•cable with no lubricant had. Relatively lor? fatigue properties. 

Of the three commercial cable lubricants investigated, lubricant 

"A" ^as- generally better than the two ether lubricants,."B" and 

"C".  The special lubricant, "B", maintained its consistency 

over a wide range of temperatures. 'The commercial lubricants, 

ho^over, became very hard at low temperature and also tended to 

bocoiae fluid at high temperatures, and these characteristics 

were reflected in the fatigue properties of the; cable. 

The results of corrosion—fitigue tests on carbon steel 

cables with lubricants "AM and "H" are presented in Figure 21 

'and show a very marked-improvement in corrosion-fatigue life by 

the use of the special lubricant "H". The value of lubricant 

"H" at -r65°F is also .demonstrated by the fatigue tests presented, 

in Figure 22.  Lubricant "H" maintained its viscosity an*- 

provided the necessary lubrication river a wide range of temperature. 

Aircraft are sometimes subjected to temperatures up 

to l60 F, particularly when on the ground, and the effect of 
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this high temperature on the ca"ble lubricants was investigated. 

The test procedure Consisted of first heating the cables to 

l6o°F for a definite period of time and then testing on the 

fatigue machine under various conditions. 'The loss in the 

fatigue life due to the previous heating was found to have a 

relation to the amount of lubricant which drained from the cable 

during the heating, This,relationship is shown in Figure 23 

for lubricants-A, H, H-l and L. Lubricant "L" was a mixture of 

U5/0 500 .second oil plv:. j?o paralketon.e neutral base and had 

previously been very effpetive in corrosion-fatigue and .low 

.temperature fatigue tests. . Lubricant "H-l." was a mixture pf 

h parts of *P0  second1 .mineral oil containing the proper pro- 

portions of rust preventive .and. extreme pressure additives, and 

5 parts .of lubricant "H". As lubricant "H" was a grease, it 

required a special pressure system to place the lubricant in 

the cable. Lubricant "H-l" -ras made so that it could be applied 

to the cable .during manufacture in a normal manner. The above 

corrosion-fatigue tests show that lubricants "H" anc. "H-l" 

wore, the only lubricants.that did not drain to any largo extent 

from the cables -.?hen heated to l60°F, The cables with lubricants 

"A" and "L" had a.considerably lower fatigue life after heating 

due to the loss of lubricant. 

Fatigue tests at ~S^°F  on cables with lubricants "H" 

and "L" are presented in Figures 2H and 25, and show that the 
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previous heating to l60 T had no effect on the cables «dth 

lubricant "H" hut lowered the fatigue life of the cables 

vdth lubricant "L". 

The above results have shown lubricant "H" to be 

very effective at low temperature and with corrosion • However, 

AN-RR-C-Uj and AN-HR-C-US Acceptance Fatigue Tests are made 

at room temperature without corrosion and the performance of 

cables lubricated with lubricants "H" and regular commercial 

lubricants under these conditions of test is presented in 

Table I. These tests indicated that lubricant "H" was not as 

effective as a standard commercial lubricant but the rosults 

may have been influenced somewhat by the fact that lubricant 

"H" was placed in the cable after manufacture. Fatigue tests 

reported in Progress Report Ho. 6 have indicated that when 

lubricants are applied to cables after manufacture, the lubri- 

cant does not penetrate fully \nto the center of the strands 

and results in a lower fatigue life. 

The fatigue tests showed that, in general, lubricants 

"H" and "H-i" are the best lubricants in atmospheric conditions 

similar to thoee encountered in service. Thn use of lubricant 

"H-l" would allow the cables to be manufactured vithout resort- 

ing to a special pressure system for placing the lubricant into 

the cables. 

The effect of externally applied paralketone (AJI-C-52) 

on the fatigue life of aircraft cables was investigated, as 
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this material is used extensively, particularly on Naval 

aircraft, to protect the cables from corrosion.  The results 

of corrosion-fatigue and fatigue tests at -65 ^ ai*e presented 

in Figures 26 and 27 respectively. The corrosion-fatigue 

life of a tinned ca"ble lubricated with a commercial lubricant 

was greatly improved by a coating of paralketone. At -6$'? 

the paralketone became very brittle and flaked off when the 

cables were bent over the test sheaves. The value of the 

paralketone for its resistance to corrosion would thus be 

nullified if the cables were also to be operated at low tempera- 

tures. 

The internal friction of aircraft cables lubricated 

•ith various lubricants was investigated under a number of 

conditions. The effect of temperature on a number of lubricants 

is illustrated in Figure 28 and shows that the internal friction 

of thn cables vdth the commercial lubricants increased very 

rapidly when the temperature went below 0 F.  The internal 

friction of the cable with the low temperature lubricant "D" 

decreased slightly as the temperature decreased, and at -65 F 

had the lowest internal friction of any of the lubricated cables. 

The cable with no lubricant had the lowest internal friction at 

sub-zero temperatures» Although lubricant "D" was beneficial 

at -65°F, it resulted in considerably higher internal friction 

at temperatures above zero. 
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Lubricant "H", which was similar in nature to 

lubricant "D", proved to be very satisfactory at both room 

temperature and at -65 F. The internal friction'tests 

illustrating the performance of lubricant • "H" and commercial 

lubricants at room temperature and at.'~65°F are presented in 

Figures 29 and 30 respectively. The internal friction of the 

cable with lubricaiit "K" was approximately, the same at T-6R F 

as at room temperature and was lower than any of the commercial 

lubricants. The internal friction of the cables containing 

commercial -lubricants was considerably higher at.-65- F." 

(c) The Effect of Load and ,Sheave Diameter 

The above fatigue tests, which were conducted to 

study the effect of materials and lubricants under various 

climatic conditions, were made v*ith lox*? cable loads. For all 

these tests the cable tensions were approximately lfc  of the 

cable strength, whereas in actual service the cable loads are 

considerably higher. As very little data are available on the 

fatigue life of aircraft cables under high loads, the effect 

of service loads and sheaves was included in this investigation. 

AN-210 micarta sheaves were used wherever possible 

but when" these failed too rapidly, 2U-ST sheaves fitted with 

large ball bearings were used. 

An example of the effect of cable loads ranging from 

10$ to 6o4 of the cable strength is shown in Figure 31. The 
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sheave diameter for this test was 2S.7 times the cable 

diameter and- under these conditions the cables operated 

satisfactorily with loads,up to 20$.    The fatigue life with 

a U05» load,   however,  was considerably, lower.,   Tith a 60$ cable 

tension the cables failed after relatively few numbers of    • 

reversals.-     - • •  , . 

•    At the. completion of each fatigue test the -number of 

visible wire breaks were noted before determining the remain- 

ing strength of the cable.    The results of these observations 

are shown in Figure 32' and also,reflect the effect of cable 

tension on the life of the cable. 

The effect of ""variations in the sheave diameter on 

the fatigue life is shown in Figure 33 ^or sheave ratios ranging 

from l6.1 to 2S.7.    The cable tension for these tests was 20^, 

and the results indicate thft for this load,   fatigue life was 

satisfactory with a sheave ratio of 2S.7 but was seriously re- 

duced with a sheave ratio of 23.^. 

A large number of service load tests wore conducted 

on l/g",   3/^" an(l W1  diameter 7:<3-9 galvanized cables anc1  for 

each sheave size there was a critical load range below which 

the fatigue life of the cable "as considered to bo satisfactory. 

The effect of the shoavc ratio on the critical load range is 

shown in Figure 3^ t3Jia shows that  the critical load increased 

with the sheave ratio.     Similarly the critical sheave ratio 

increased as the cabin tension increased and this relationship 
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is shown in Figure 35«. ^. should he emphasized that the 

critical values .are not points of sudden change. However, 

as the critical sheave size was exceeded the cable life in- 

creased rapidly, and as the critical load was exceeded the 

cahle life decreased rapidly. The results indicated that a 

satisfactory, fatigue life could.be obtained with a sheave 

ratio above 10 if the cable loads were lfo.    However, with 

cable loads of lOw it was necessary to have a sheave ratio 

above 20, and with cable loads of 20$, a sheave ratio above 

2S was necessary. 

The life of aircraft cables in service is gfiiv-.rp.lly 

determined by an inspection for broken wires..  The relation- 

ship between the number of visible "'ire breaks and the remain- 

ing strength of the cable ia therefore of importance. The 

data obtained from the service load tests showed considerable 

scatter, particularly after the cable had a large number of 

wire breaks. The maximum number of wire breaks in one cable 

lay has boon found in wire rope practice to be a good guide 

for judging when the cable should be removed from service. The 

maximum number of broken wires in one cable lay has been 

observed in these tests and its relation to the average loss 

in strength is shown in Figure 36. The actual loss in strength 

may be either greater or less than shown on this curve. 

The data showing the relationship between the number 

of reversals on the fatigue machine and the remaining strength 
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of the cable was also 'Variable.    This- variation increases    • 

as the remaining strength decreases.    With an average loss 

in strength of 10$,   the tests indicated that the maximum 

loss in strength;will,   in general.''not exceed 20$.  ^it'h an 

average loss of strength in excess of. '10^,   the maximum loss     .   - 

of strength may be considerably greater.    The life of aircraft 

cables corresponding to .an average loss of strength of 10$ is-  . 

shown in Figure 37:«    -This data .was tsken from the'fatigue • 

curves on l/8",   3/16" and  l/H" 7^19 preformed galvanized cable. 

The individual points show some scatter and this  should be 

taken into account. • These-curves are presented as.a general- 

ization of the information obtained-and should be used only as 

a guide to the designer. .'•'•.••••• 

AH of -the fatigue test's discussed-previously wore.   • 

made with a wrap angle of 9O0.    'A-ilimited number of teste •"ore' 

made on- -3/16" 7^9 preformed galvanized cable in which the-wrap- 

angle ranged from 0 to $0 .     The test  results aro-prosentod in 

Figure 3^' #n<a- indicate that the'fat-igue life decreased as the 

wrap angle increased from 0-to .20  .    With a further increase in 

the wrap angle the strength of the cable- after fatigue remained 

approximately the same as 'with, the "20 '  angle tests. 

•    ,        The performance of-aircraft, cables as discussed    • 

above was obtained from tests o;->: AN-210 micarta and 2H-ST 

sheaves.    The life of the -micarta-,sheaves was found to be quite 

variable-and failures occurred by wear,  -splitting,, and bearing 
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failures. A summary of the observations made on AN-210 

micarta sheaves is presented in Table II.  Tith the exception 

of the 3A sheaves, the micarta sheaves operated satisfactorily 

with a cable tension equal to 10^ of the smallest cable used on 

any particular sheav3=  In many cases micarta sheaves did not 

operate satisfactorily at higher loads. As cable tension was 

increased the life of the micarta sheaves decreased rapidly. 

The 24-ST sheaves proved to be satisfactory for high cable loads. 

The fatigue life of cables with 1$ loads was invest le- 

gated and was reported in Progress Report No. 3-  -ne results 

are not reproduced in the final report but indicated that the 

life of 7X7 cable construction was lower than that of 7x19 

construction. 

Internal friction tests discussed previously have 

shown that the internal friction of cables "/as proportional to 

tho cable tension.  The effect of sheave diameter on the internal 

friction of cables has also been investigated, and these results 

are presented in Figure 39»  ^or sheave ratios between 16 and 9 

the internal friction of 7x19 preformed galvanized cables in- 

creased in inverse proportion to the sheave ratio. For a sheave 

ratio of J,  however, the internal friction was relatively higher 

than at the larger sheave ratios investigated. 
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CO"CLUSI01TS 

1. Under cable loads of l4.  the "best cable 
material for use in a salt atraosphere was 13-3 stainless 
steel. .  . .; 

2. Under service loads in the absence "of 
corrosion, the fatigue life of galvanized carbon stoel 
cables was considerably better than that of 18-8 stainless 
steel cables. 

3. A hoJSvy zinc coating,   oi'ther hot  galvanized 
or electro-galvanized,   gave the best corrosion-fatigue life 
of the various types'of carbon'steel cables." 

H.    At -65°P the 18-8'stainless steel cable had 
the best fatigue life and the heavy galvanized cable had 
the poorest fatigue life '"hen tested with a" 1% cable tension. 
The fatigue life of 'the galvanized cables at ~S^°t improved 
as the weight' of zinc coa.tj.ng decreased/' 

5*    The tinned cable had the" lowest internal 
friction and the heavy galvanized cable had the highest 
internal friction at room temperature and at -65" 2?.     The 
internal friction of the galvanized cables increased with 
the rcight of coating. 

6. The" internal friction of galvanized cables 
decreased somewhat during fatigue testing in tho absence 
of corrosion but remained higher t>ian that of the tinned 
cable.    The internal friction of the tinned cable remained 
constant during the fatigue test. 

7. The internal friction of 18-8  stainless stoel 
cable was not affected by salt  spray corrosion -'hereas that 
of tinned cable increased and that of galvanized cable de- 
creased. 

8. Gable lubricants improve the fatigue life of 
cables under all conditions. 

9. Commercial lubricants gave the best fatigue 
results at room temperature but resulted in lowered fatigue 
life at -65°F and +120°F. 

(Continued) 

RESTRICTED 



23- 

Conclusions (cont.-) 

10. Cables containing lubricant "H" had 
considerably better corrosion-fatigtie' life and fatigue 
life at -65 F than cables containing-commercial- lubricants. 
The fatigue life of cables containing lubricant "H!lwas 
also, better at room temperature following exposure to l6o F 
temperature. 

11. The internal friction Of cables lubricated 
with lubricant "H" was somewhat lower than cables with com- 
mercial lubricants at room temperatures and considerably- 
lower at -65 F. The internal friction of cables with com- 
mercial lubricants increased considerably at temperatures 
below 0°F, whereas cables with lubricant "H" were practically 
unaffected by temperatures down to -65°F. 

12» Lubricant "K" was not as effective as regular 
commercial cable lubricants in the AN-BH-C-U'3 acceptance 
fatigue tests.  In order to obtain the best overall cable 
by aeans of special lubricants, the present specifications 
may hnvQ- to be revised. 

13, The corrosion-fatigue life of carbon steol 
cables was materially improved by the external application of 
paralketone (AH-C-52). •'• :' ' 

lU. The service load fatigue tests indicated that 
in order to obtain long life (over 200,"000 reversals) the 
ratio of sheave diameter to cable diameter for 7x19 'preformed 
galvanized cable should be greater thru the valuer, shown bt'jlo": 

Cable Load '•' ' j 
"a of Specified ] 
Cable Strength    Sheave Ratio 

•1 10 
10 20 
20 28 \ 

i 
1 

15.     For long cable life  (over 200,000 reversals) i 
the following loads and sheave sizes were satisfactory in the j 
service load tests: 

(Continued) 
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Conclusions  (cont.) 
Cable Load 

$ of Specified 
Cable Sizo        Sheave Size        Cable Strength 

l/g" 7x19 AN-210-UA 10 
Vlb" 7x19 AN-210-5A 10 
3/l6" 7x19 AH-210-6A 20 
lA" 7>:19 AIT-210-6A 10 

1.6,    The serviceability of AN-210 micarta sheaves 
in the service load tests is shown in the follovring table. 
Sheave failure under high loads occurred by wearing,   split- 
ting and by bearing failures. 

Cable Load 

Sheave Size Cr 
of Specified 

xble Strength Cable Size Life 

AN-210 
AN-210 HA 

10-20 
20 

l/g"  3/16" 
3/16» 

Unsatisfactory 
Un s at i s fact 0 ry 

AN-210 
AN-210 

UA 
l+A 

10 
20 

l/g"  Vl6" 
l/g" 

Limited 
Limited 

AN-210 
AN-210 
AM-210 

5A 
6A 
6A 

10 
10 
20 

3/16« lA" 
3/16» lA" 
Vl6" 

Satisfactory 
Satisfactory 
Satisfactory 

17. 2'+-ST Aluminum alloy sheaves with large bear- 
ings operated satisfactorily "dth loads up to fio4 of the 
specified cable strength. 

18. The life of 7x19 preformed galvanized cables «as 
a function of cable load and sheave diameter. The cable life 
for an average loss of strength of 10$ was determined. (Fi£. 37)• 

19. The fatigue life of 7*7 preformed galvanized 
cable was lower than that of 7x19 consti'uc.tion fui t':e same 
sheave ratio and cable tension. 

20. A limited number of tosts on 3/16" fxlV pre- 
formed galvanized cable with various wrap aixgles indicated 
that the fatigue life was reduced as the wrap angle was increased 
from 0 to 20°. Above 20° the wrap angle had no further effect 
on the fatigue life. 

21. The internal friction of cables increased as the 
cable loads became greater and the sheave diameters became 
smaller. 
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TABLE I 

A:T_HR-C-II-3 Acceptance Fatigue Tests 
On 

5/32.!1* ajid l/S"  7x19 Preformed Galvanized Aircraft Cable 

Tensile Strength (pounds) 

Material" 

Heel'#l    '•'' 
5/32",  As Manufactured 
Lubricant   "B" 

v   Average 

Heel #1 
5/32",   Cleaned & 
Relubricated with 
Lubricant  1IH" 

Average 

Reel #2 
5/32", As Manufactured 
Lubricant   ,!B" 

Average 

Reel =$2 
5/32"  Cleaned & 
Relubricated rdth 
Lubricant   "H" 

Average 

Reel =*5 
l/8",  Äs Manufactured- 
Lubricant   "B" 

Average 

Reel =£5 
l/g",   Cleaned & 
Relubricated v/ith 
Lubricant   "H" 

Average 

Before ' 
Fatigue 

After 
Fatigue 

2920 
_29JO 
•2925 

• 2660 
2600 
2T3Ö 

212^ 
l600 
2060 
1S70 
1914 

2950 
2950 
2950 

2260 
2^70 
2415 

'' 

2220 
2310 
1970 
2145- 
21b 1 

2270 
2220 

2275 

1300 
1220 
I63O 
1810 
IH90" 

1200 
1220 
900 
IÖ6O 

Percent Remaining 
• Strength 

90.0 

65.5 

Sl.S 

73-2 

65.7 

IO95 4S.0 
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TABLE  II 

EFF3C? 0? LOAD Oll FATI1TJE LIPS CF AS-210 MICAHTA SHEAVES 

Condition of Sheaves 
Gaole 
Load 
IDS. 

Cable 
Size 
in. Good Worn So lit- 

Bearing , 
Fai lure 

Average Reversals 
Sheave 
Size 'Good Torn        Solit 

Bearing 
Failure 

3A 200 1/S 100 ,50,000    . 

3A too 1/8 70 30 l6,000    11,000 
. " 

3A too 3/16 to 50 10 7,000      7,000 5., ooo 

3A SOO yi6 100 6;. ooo • 

UA 200 l/S 71         IS 11 210,000    200,000 "' 250,000 

kk too' i/s Uk       9 h 1+3 130,000    32,000  UP,000   123,000 

HA too 3/16 31      39 s 22 .150,000"'ISO, ooo.120,000   ito.,000 

UA SOO 3/l6  26 32 32 10 '" SO,000 '50,000 50,000  50,000 

5A too 3/16 100 ato.ooo 

5A 700 l/U U6   U5 6  3 170,000 too,000 2S0,000 100,000 

6A too 3/16 100 2to,ooo 

6A soo 3/16 100 ; 250,000 

6A 700 iA 100 2S0,000  

cuiTuiflTgaa 
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